Introduction {#s1}
============

The most recent UK renal registry data show the incidence of new patients starting on haemodialysis (HD) increased by 1.2% in 2013 \[[@SFV096C1]\]. The morbidity and mortality for patients on maintenance haemodialysis (HD) remains high despite advances in dialysis technologies, with cardiovascular-related deaths the leading cause of death in this patient group \[[@SFV096C2]\]. The symptom burden related to dialysis is high \[[@SFV096C3], [@SFV096C4]\], including fatigue \[[@SFV096C5]\], disordered sleep and pain \[[@SFV096C6]\] and depression \[[@SFV096C7]\]. Many people on dialysis are not able to continue in paid employment, and patient-reported quality of life is low \[[@SFV096C8]\]. Home HD is an excellent way of offering increased flexibility in the way maintenance HD patients dialyse, and currently 1113 patients (4.7% of HD patients) are on a home HD programme in the UK \[[@SFV096C9]\]. There are, however, significant barriers that mean home HD is not possible for many patients, including physician-related factors (e.g. lack of knowledge and expertise) and patient-related factors (e.g. lack of awareness, fears and anxieties about dialysing away from medical care, perceived care-giver burden and specific fears for some about self-cannulation) \[[@SFV096C10]\].

The large numbers of patients currently undertaking unit-based HD programmes in the UK means there is less and less flexibility in the way dialysis can be offered, with rigid programmes of 4 h three times a week in designated time slots that are difficult to manipulate or alter. This has significant implications for patient quality of life and satisfaction arising from dialysis therapy. In this time of austerity, finding alternative ways of delivering effective dialysis programmes that use existing resources and facilities can only be of benefit to our patients.

In-centre nocturnal HD (INHD) offers patients the opportunity to dialyse overnight while asleep for extended periods of time and in a number of small studies has been shown to improve a wide range of clinical parameters, including phosphate and anaemia control \[[@SFV096C11]--[@SFV096C14]\], blood pressure \[[@SFV096C15]--[@SFV096C17]\], left ventricular mass \[[@SFV096C18]--[@SFV096C20]\] and other cardiovascular measures \[[@SFV096C21]--[@SFV096C23]\]. Furthermore, INHD has been reported to significantly improve or maintain aspects of quality of life and cognition \[[@SFV096C11], [@SFV096C19], [@SFV096C24], [@SFV096C25]\]. One aspect widely reported to improve is sleep quality, which has been shown by a number of groups \[[@SFV096C25]--[@SFV096C28]\]. There is good evidence that these benefits are derived from more than just an increased dose of dialysis, as simply increasing urea Kt/V during standard HD to \>1.3 does not improve outcomes in the same way. Moreover, the benefits of increasing dialysis duration are indicated by the reduced rates of mortality seen in Tassin, France, where 8-h sessions thrice weekly are common \[[@SFV096C29], [@SFV096C30]\]. As this may suggest, there is evidence that INHD may specifically lead to a reduction in all-cause mortality \[[@SFV096C11], [@SFV096C16], [@SFV096C31]\].

In response to patient feedback, we set up a pilot project to explore the possibility of delivering an INHD programme at the Leicester General Hospital Outpatient Dialysis Unit. Currently we are the only NHS centre to run an INHD programme in the UK. We aimed to set up a service that was cost-effective, deliverable, sustainable, safe, improved patient satisfaction and was acceptable to patients and staff. It is hoped that the outcomes from this service evaluation will support the expansion of this programme and inform the need for research into the outcomes of patients who embark on a programme of INHD.

Methods {#s2}
=======

In the summer of 2014, 10 prevalent HD patients switched from standard daytime in-centre HD of 4 h three times per week to INHD. All patients arrived for dialysis late in the evening (10 pm onwards) and dialysed in hospital beds on the dialysis unit adjacent to the hospital as outpatients. Initially patients were dialysed for 360--390 min, and the period of dialysis was extended thereafter with patient agreement to a maximum of 480 min. This was in response to our annual dialysis patient satisfaction survey, where many patients expressed a desire for increased flexibility around dialysis schedules. After cost analysis and the logistics of providing dialysis staff were worked out, 10 patients who were all established on HD for \>3 months were switched to a nocturnal programme. These patients volunteered for the programme and the switch was made electively. Patients were given a 2-week run-in period where their daytime slots were held for them in case they wanted to revert to daytime dialysis in the event they found INHD unsuitable. Staffing levels overnight were maintained at the same ratios as if patients were dialysing during the day.

Quality-of-life assessments {#s2a}
---------------------------

At the time of switching to INHD, patient-reported quality-of-life outcomes were recorded using three validated questionnaires: The EQ-5D is a standardized measure of health status developed by the EuroQol Group that provides a simple measure of health for clinical and economic appraisal \[[@SFV096C32]\]. The EQ-5D consists of two pages---the EQ-5D descriptive system and the EQ visual analogue scale (EQ VAS). The descriptive system comprises five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. The EQ VAS records the respondent\'s self-rated health on a vertical, visual analogue scale where the endpoints are labelled 'Best imaginable health state' and 'Worst imaginable health state'. This is a quantitative measure of health outcome as judged by the individual respondents \[[@SFV096C32], [@SFV096C33]\].The Hospital Anxiety and Depression Scale (HADS) is a reliable and reproducible instrument for detecting states of depression and anxiety \[[@SFV096C34]\]. It contains both depression (HADSd) and anxiety components (HADSa), and the subscales are valid measures of the severity of emotional disorder.The 12-item Short-Form Health Survey (SF-12) is a generic health-related quality of life (HRQoL) questionnaire that consists of 12 questions related to physical and mental health status, providing a physical component summary (PCS) and a mental component summary \[[@SFV096C35]\].Patients completed the same questionnaires after 4 months of INHD and were also asked to record their thoughts and feelings about switching to INHD, particularly any anxieties or hopes before starting and any positive and negative feelings or events encountered during the 4-month period on INHD. They were asked to self-assess whether their anxieties were misplaced, their hopes and expectations were met and to critique their positive and negative experiences as well as give an overall impression of their experience of INHD and how it had changed their daily lives. These were explored and recorded from individual informal conversations between patients and the clinic staff.

Biochemical data, haematological data and measures of dialysis adequacy {#s2b}
-----------------------------------------------------------------------

Biochemical and haematological data and data on dialysis duration and adequacy were collected, as well as information on pre-dialysis blood pressures and ultrafiltration (UF) rates/volumes. These were compared with results after 4 months. Demographic data and medications information were also collected at the time of changing to INHD and after 4 months.

Statistics {#s2c}
----------

Statistical analysis with SPSS version 22 was used for analysis. Paired *t*-tests were used to assess differences between patient questionnaire scores at the start and end of the study and to assess for differences between biochemical and haematological results, as well as between measures of dialysis adequacy. Missing data were assumed to be 'missing at random' (MAR), with the potential to bias the results. Sensitivity analyses were undertaken to investigate the impact of MAR data from patients who did not complete the 4-month programme. Missing data were handled using the mean imputation method \[[@SFV096C36]\].

Results {#s3}
=======

Patient demographic data {#s3a}
------------------------

The initial 10 patients included 2 females and 8 males with a mean age of 51.9 years (range 21--75). The baseline demographic data of the initial 10 patients are shown in Table [1](#SFV096TB1){ref-type="table"}. Three of the 10 patients failed to complete the 2-week run-in period and reverted to their daytime dialysis slots. Nine of the 10 patients dialysed via native arteriovenous fistulae and one with a synthetic graft, and all were needled with the rope ladder technique. Table 1.Baseline characteristics of all 10 study participants initially enrolled in the studyParameterMean (±SD)Age (years)51.9 (±17.37)Men/women8/2Dialysis vintage (months)30.9 (±32.73)Initial systolic blood pressure (mmHg)144.7 (±19.52)Initial diastolic blood pressure (mmHg)76.1 (±12.31)Initial calcium (mmol/L)2.34 (±0.12)Initial phosphate (mmol/L)1.76 (±0.52)URR (%)71.8 (±2.39)Haemoglobin (g/L)105.9 (±18.38)Dry weight (kg)81.14 (±16.74)

Quality-of-life scores {#s3b}
----------------------

There were improvements in all quality-of-life scores, though some did not meet statistical significance. These are shown in Table [2](#SFV096TB2){ref-type="table"}. The mean EQ-5D visual analogue score improved from 48 ± 16.89 to 72 ± 13.2 (P \< 0.01), with the mean HADS anxiety score decreasing from 9 ± 5.83 to 3.57 ± 3.04 (P = 0.029). There was also a trend towards significant improvement in mean SF-12 PCS scores from 31.31 ± 3.32 to 41.69 ± 10.19 (P = 0.052) (see Figure[ 1](#SFV096F1){ref-type="fig"}). Sensitivity analyses did not alter the significance of the results (see Table [3](#SFV096TB3){ref-type="table"}). Table 2.Change between start and end of study period for selected outcomes measuredVariablePre-INHD (mean ± SD)After 4 months of INHD (mean ± SD)P-value (paired *t*-test)EQ-5D descriptive score0.473 (±0.397)0.763 (±0.152)0.096EQ-5D visual analogue score48 (±16.89)72 (±13.2)\<0.01\*HADS anxiety score9 (±5.83)3.57 (±3.04)0.029\*HADS depression score8.29 (±4.19)4 (±2.94)0.065SF-12 physical component score31.31 (±3.32)41.69 (±10.19)0.052SF-12 mental component score41.1 (±14.85)50.9 (±8.09)0.152URR (%)71.57 (±2.3)80.43 (±3.1)\<0.001\*Phosphate (mmol/L)1.73 (±0.6)1.2 (±0.2)0.08Adjusted calcium (mmol/L)2.33 (±0.1)2.30 (±0.1)0.637Haemoglobin (g/dL)104.7 (±20.9)108.0 (±16.6)0.582Pre-HD systolic BP (mmHg)143.3 (±22.2)140.0 (±11.5)0.644Pre-HD diastolic BP (mmHg)73.6 (±11.4)74.3 (±9.3)0.875Absolute UF rate (mL/h)513.12 (±121.43)355.79 (±66.37)0.026\*Relative UF rate (mL/kg/h)6.47 (±1.71)4.61 (±1.59)0.032\*Total UF volume (mL)2000 (±510)2606 (±343)0.015\*[^1][^2] Table 3.Sensitivity analysis: comparison of standard and adjusted data to account for potential bias from non-completing subjects and missing dataVariableMD (95% CI), P-value \[standard analysis\]MD (95% CI), P-value \[adjusted analysis\]EQ-5D visual analogue score24 (12.0, 36.3), P \< 0.0124.1 (16.4, 31.8), P \< 0.001HADS anxiety score−5.43 (−10.1, −0.78), P = 0.029−5.3 (−8.2, −2.4), P \< 0.01SF-12 physical component score10.37 (0.1, 20.8), P = 0.05210.4 (2.8, 17.9), P = 0.01URR (%)8.86 (6.98, 10.74), P \< 0.0018.62 (7.02, 10.22), P \< 0.001Absolute UF rate (mL/h)−157.33 (−288.1, −26.6), P = 0.026−157.53 (−240.1, −74.9), P = 0.02Relative UF rate (mL/kg/h)−1.86 (−3.5, −0.2), P = 0.032−1.86 (−2.9, −0.8), P = 0.03Total UF volume (mL)606 (165, 1045), P = 0.015607 (329, 885), P = 0.01[^3] Fig. 1.Improvements in quality-of-life scores: (**A**) EQ-5D visual analogue score, \*P \< 0.01; (**B**) HADS anxiety score, ^†^P = 0.029; (**C**) SF-12 physical component score, ^‡^P = 0.052.

Dialysis duration, pump speed and UF rates {#s3c}
------------------------------------------

The mean dialysis duration was 355 min (SD ± 43.92); all patients were dialysed with a blood pump speed of 300 mL/min and a dialysate flow rate of 500 mL/min. The mean UF rates (mL/h) and mean UF rates adjusted for body weight (mL/kg/h) before starting INHD (when patients were still on conventional therapy) and at the end of the 4-month study period were compared. Total UF volumes (mL) were recorded between the start and the end of the study period by taking the average UF volume of the last 10 dialysis sessions before starting INHD and the last 10 sessions at the end of the 4-month period of INHD (Table [2](#SFV096TB2){ref-type="table"}). As anticipated, there was a significant reduction in the mean absolute UF rates from 513.12 mL/h (SD ± 121.43) on conventional daytime dialysis to 355.79 mL/h (SD ± 66.37) on INHD (P = 0.026). There was also a significant decrease in the mean relative UF rate (adjusted for body weight) from 6.47 (SD ± 1.71) to 4.61 mL/kg/h (SD ± 1.59) (P = 0.032). These two findings occurred despite the mean total UF volume increasing from 2000 (SD ± 510) to 2606 mL (SD ± 343) (P = 0.015) (Figure[ 2](#SFV096F2){ref-type="fig"}). The validity of these results was again confirmed with sensitivity analyses (see Table [3](#SFV096TB3){ref-type="table"}). Fig. 2.Mean changes in UF volumes (L), relative UF rates (mL/h/kg) and absolute UF rates (mL/h) between prior to starting INHD and after 4 months on INHD. CHD, conventional haemodialysis.

Dialysis adequacy, biochemical and haematological changes {#s3d}
---------------------------------------------------------

Dialysis 'adequacy' was assessed by small molecule clearance, and urea reduction ratio (URR) was used as a surrogate marker for this as well as pre-dialysis systolic and diastolic blood pressures. Biochemical and haematological changes and changes in dialysis adequacy are summarized in Table [2](#SFV096TB2){ref-type="table"}.

Dialysis adequacy as measured by URR improved significantly from 71.57 ± 2.29 to 80.43 ± 3.101% (P \< 0.001; see Table [3](#SFV096TB3){ref-type="table"}). There was a trend towards improved phosphate control, with the mean value reducing to within current therapeutic targets from 1.73 ± 0.6 to 1.2 ± 0.2 (P = 0.08), with no change in doses, numbers, or type of oral phosphate binders. There were no observed differences in mean haemoglobin or erythropoietin dose, mean plasma calcium or mean pre-HD systolic or diastolic BP, but this was a pilot study and not powered to detect such differences.

Patients\' experience {#s3e}
---------------------

From the comments collected from patients throughout the study period, the patient experience has been extremely good. Positive changes reported by the seven patients who completed 4 months of INHD included increased energy levels in the daytime,having more interest in day-to-day activities,having more time in the daytime for social and leisure activities,helping them feel like they have a more 'normal life',finding it easier to get jobs done in the daytime,not having to schedule all life events around dialysis.Several patients said that they felt like they had 3 more days of life, and the increased energy levels meant they were more productive in this time. Several also reported that it was the closest they would ever get to 'having a transplant'. All but one patient said that, given the option, they would never want to return to daytime dialysis again. A word cloud illustrating the key positive themes extracted from patient feedback is shown in Figure[ 3](#SFV096F3){ref-type="fig"}. There were very few negative comments about the INHD experience from the patients who completed the 4-month programme. One patient reported not being able to sleep well while on dialysis and waited until HD had finished before sleeping fully. A different patient reported being occasionally disturbed from sleep by machine alarms or other patients, but they considered these to be minor problems and they did not deter them from wanting to continue the programme. All seven patients have continued on INHD after the study finished. Fig. 3.Key positive themes extracted from informal patient feedback.

Patients who stopped INHD {#s3f}
-------------------------

Three patients abandoned INHD before the end of the 2-week run-in period. The reasons given for changing back to conventional HD were poor quality of sleep, still feeling anxious and unable to relax while asleep for fear of needle dislodgement and did not like spending 3 nights a week away from family members.

There were no adverse events reported during the study period. One patient was admitted to hospital from the dialysis unit for treatment of pneumonia but was discharged 3 days later straight back to their nocturnal slots.

Discussion {#s4}
==========

Our pilot data show that INHD is deliverable, safe and has a positive impact on patient-related quality-of-life measures, including anxiety and self-reported health and well-being. Although it was not originally intended to look at dialysis-related outcome measures, we observed an improvement in phosphate control, with a mean reduction to within current guideline targets. This finding is consistent with the improvements in serum phosphate reported in other studies of INHD \[[@SFV096C11], [@SFV096C14], [@SFV096C17], [@SFV096C23]\]. Although the literature suggests improvements in phosphate that accompany extended periods of HD are also accompanied by a reduction in phosphate binders \[[@SFV096C13], [@SFV096C15], [@SFV096C25]\], our sample size was small, the time scale was relatively short and this finding was not corroborated.

Patient quality of life is a relatively under-researched and -reported outcome in dialysis patients. Several studies have looked at the effects of INHD and quality-of-life measures. Ok *et al.* \[[@SFV096C11]\] found that INHD preserved quality of life compared with conventional unit-based HD, whereas Bugeja *et al.* \[[@SFV096C25]\] and Van Eps *et al.* \[[@SFV096C37]\] found significant improvements in a number of domains, including frequency of dialysis-associated symptoms, sleep quality and energy levels. INHD has been shown to restore melatonin rhythm \[[@SFV096C26]\] and reduce sleep apnoea by increasing pharyngeal size \[[@SFV096C28]\]. In the only study of its kind, Jassal *et al.* \[[@SFV096C24]\] reported that INHD was associated with significant improvements in multiple aspects of cognition, although this study included only 12 patients.

Previous studies looking at determinants of dialysis-induced cardiac injury found that larger UF volumes (\>2.1 L) were strongly associated with myocardial stunning as assessed by new regional wall abnormalities on echocardiogram \[[@SFV096C38]\], but a subsequent study looking at the effects of frequent HD on dialysis-induced cardiac injury suggested a strongly positive relationship between rate of UF and myocardial stunning \[[@SFV096C39]\]. Although we observed an increase in the total UF volumes between the start and the end of the study period, the significant reduction in UF rates may negate the increase in total volume and this hypothesis needs testing in future patients undergoing INHD.

Typically, HD patients have significantly reduced aerobic capacities compared with age-matched controls \[[@SFV096C40], [@SFV096C41]\]. Due to the time commitments associated with conventional unit-based dialysis, it seems logical that if treatment is conducted at night, then people may be more active during the day, thus preventing the severe decline of aerobic capacity. Chan *et al.* \[[@SFV096C14]\] investigated aerobic capacity in frequent home HD patients and found that after switching to nocturnal dialysis, patients significantly increased aerobic capacity as assessed by graded ergometer testing. This solitary observation is very promising, although, again, it was conducted with a relatively small cohort.

Two case--control trials investigated mortality and survival as a primary outcome in INHD patients, whereas one randomized controlled trial (RCT) investigated death rates in frequent home nocturnal HD patients. Evidence from the two case--control studies suggests that INHD leads to significant reductions in mortality rates, reporting hazard ratios of 0.28 \[[@SFV096C11]\] and 0.7 \[[@SFV096C16]\] versus conventional unit-based HD patients. The Frequent Haemodialysis Network (FHN) RCT did not show a significant reduction in mortality; however, their nocturnal dialysis study group was relatively small, with only 45 patients \[[@SFV096C17]\]. As well as reduced mortality, another case--control study highlighted a significant reduction in hospitalization rates, even when corrected for the type of vascular access \[[@SFV096C16]\].

There have been a number of studies suggesting that patients on INHD have significant improvements in blood pressure, and in most cases with a reduced number of blood pressure medications \[[@SFV096C11], [@SFV096C12], [@SFV096C14]--[@SFV096C17], [@SFV096C23], [@SFV096C25]\]. In addition to this, a meta-analysis of four studies on the effects of extended HD duration on left ventricular mass showed significant reductions after switching regime \[[@SFV096C42]\], which is supported by further recent studies \[[@SFV096C43], [@SFV096C44]\]. In addition to improving blood pressure and reducing left ventricular hypertrophy, one study also found a reduction in myocardial fibrosis \[[@SFV096C23]\]. The reductions we observed in UF rates intuitively suggest this should cause less myocardial stunning, which is related to UF volume and rate in dialysis patients \[[@SFV096C38]\] and is thought to contribute to myocardial fibrosis.

It is reported that haemoglobin, like phosphate, is consistently better in patients on INHD compared with patients on standard unit-based HD \[[@SFV096C11], [@SFV096C13]--[@SFV096C16]\], and there are studies reporting a reduction in the use of erythropoietin stimulating agents to maintain target haemoglobin \[[@SFV096C11], [@SFV096C23], [@SFV096C25]\]. There are also studies that suggest iron stores are maintained closer to the target range \[[@SFV096C12], [@SFV096C13], [@SFV096C25]\], but it must be noted that the patients included in many of these studies are not representative of the general dialysis population. Our study found no differences in haemoglobin or phosphate, but this is most likely due to the small number of patients.

As expected, and consistent with our results, longer periods of dialysis have led to increasing 'quality' of dialysis as measured by small molecule clearance. Several studies have shown significant improvements in Kt/V \[[@SFV096C14], [@SFV096C15], [@SFV096C25]\], and one study used URR as a surrogate marker for this \[[@SFV096C13]\]. A study by Ok *et al.* \[[@SFV096C11]\] showed that while the levels of β~2~ microglobulin increased in patients on conventional unit-based HD, it was unchanged in patients on INHD \[[@SFV096C11]\] and van Eps *et al.* actually showed improvements in levels of β~2~ microglobulin in patients on INHD \[[@SFV096C37]\]. These improvements come despite the reductions in blood pump speeds and in some cases dialysate flow rates.

One potential drawback of nocturnal dialysis, which was highlighted in the FHN study, is a trend of increased fistula complications \[[@SFV096C17]\]. The study found that people in the nocturnal arm of their trial had an increased incidence of complications. This could, however, be related to frequency of use rather than duration, as no other study reported this finding and their protocol used frequent nocturnal dialysis with patients dialysing 5 days per week.

There are important limitations to this study. This study was entirely observational in nature, designed to assess the tolerability of a programme of INHD and to ensure the service was sustainable and deliverable. It is a single-centre experience of just 10 self-selected patients and changes were assessed over a 4-month period only. This study was not specifically powered to detect changes in medical and dialysis related outcomes. Nevertheless, we have shown that INHD leads to significant improvements in a number of domains that are consistent with other published data. Moreover, sensitivity analysis has demonstrated that our results remain significant after adjusting for the impact of the missing data from the three patients who did not complete the programme.

Conclusion {#s5}
==========

This experience shows, once again, that the best dialysis modality is the one chosen by the patient, in line with their needs and expectations. INHD should be offered alongside all other traditional dialysis schedules on the basis that, for some, it will enhance the patient experience.

Further controlled trials are needed to fully elucidate the effect of INHD on both medical, psychological and quality-of-life outcomes.
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[^1]: Patients who did not complete the 4-month programme were excluded from analysis.

[^2]: \*Statistically significant differences on paired *t*-test.

[^3]: Results expressed as mean difference (MD) and 95% confidence interval (CI) with P-values for standard and adjusted analyses. There were no observed differences in significance.
